The movement of abscisic acid in the cotton explant was investigated by bioassay and radioisotope techniques. The rate of movement was 20 to 30 millimeters per hour with most of the abscisic acid moving unchanged through the explant into the basal agar. The rate of movement was the same through the abscission zone as through petiole tissue. Patterns of accumulation and metabolic products are discussed.
Abscisic acid has been shown to be a very effective abscissionpromoting agent in the cotton explant bioassay (1, 2, 13, 14) . It has been presumed that abscisic acid is rapidly transported in the explant to the abscission zone, its site of action (1) , but to date no direct proof of this phenomenon has been offered. An alternative possibility is that abscisic acid is immobile and that it induces the production of an abscission-promoting agent or stimulus which is transported. A study of the movement of ABA in the explant was undertaken to answer the questions (a) does ABA move from the site of application to the abscission zone, (b) what is the rate of movement, (c) does it accumulate in any area of the explant?
MATERIAIS AND METHODS All experiments were conducted with cotton explants excised from 14-day-old seedlings of Gossypium hirsutwn L. Acala SJ-1 grown in vermiculite subirrigated with tap water. The seedlings were grown in a growth chamber at 32 i 3 C with a 16-hr photoperiod of 5.8 X 104 erg/cm2.sec provided by cool white fluorescent lamps supplemented by incandescent bulbs.
Explants from the cotyledonary nodes were cut with hypocotyl segments 9 mm long and epicotyl and petiole stumps 5 mm long. The cotton explant bioassay method of Addicott et al. (1) was employed except where noted. Briefly, the bioassay involved placing 10 explants (each containing two abscission zones) in a covered Petri dish. The bases of the explants were pushed into a 5-mm layer of 1.5% agar. The cut surfaces of the epicotyl and petioles were then treated with 5-,ul droplets of agar (0.75%) delivered by a 500-,l hypodermic syringe. Abscission was tested for by applying a momentary force equivalent to 5 g to the distal end of the petiolar stumps. Each treatment represented two dishes of 10 explants, and the experiments were repeated three times.
The movement of ABA was studied with 2-l4C-abscisic acid produced according to the technique reported by Roberts et al. (11) . After treatment the explants were cut into various sections as indicated in Figure 3 . The pooled tissue sections were soaked for 24 hr in sealed vials in 2 Recovery of the '4C-labeled compounds from the tissue and the basal agar was done by extracting with 80% methanol three times over a period of 48 hr. This technique recovered 96% of the total counts applied. The methanolic extracts were pooled and evaporated to dryness. After redissolving in ethyl ether, the total fraction was streaked on thin layer plates of Silica Gel G (Brinkmann MN Polygram). The chromatograms were developed in n-butanol-n-propanol-0.88 ammonia-water (2:6:1:2) (7) or benzene-ethylacetate-acetic acid (50:5:2) (3). The chromatograms were cut into sections representing RF zones, and the silicic acid from each was scraped into a scintillation vial containing 1 ml of 95% ethanol. Fifteen milliliters of scintillation fluid were added to each vial before counting. RESULTS Movement of Abscission-promoting Stimulus. Explants were initially prepared with 10-mm petiolar stumps. The petiolar stumps were then treated with ABA (0.1 ,ug/5 ul) in a 5-,ul agar droplet, and the stem stumps were treated with plain agar. After varying periods of exposure to ABA (15, 30, 60, 120, 240, 360, 900, 1440 min) the distal 5 mm of each petiole was excised to remove the ABA source. The cut surfaces were treated with 5-,ul droplets of plain agar, and abscission was recorded at 24-hr intervals. The exposure time was included in the first 24-hr interval. The results of a typical experiment can be seen in Figure 1 . After only 15-min exposure to ABA some abscission-promoting activity had traversed the 5-mm section, as indicated by accelerated abscission. The intensity of the abscission-promoting activity increased up to 15 hr of exposure. The data were plotted as the abscission index (an integration of the area under a curve expressed as a percentage of the total area bounded by the ordinant and abscissa) (5) against the time of exposure to ABA (Fig.  2 ). An estimate of 20 to 30 mm/hr, as the rate of movement of the abscission stimulus can be made by extrapolating back to the zero activity time (15) . In a control experiment petiole stumps were treated with plain agar and excised after the same time intervals shown above. In this experiment the process of recutting the petioles had no influence on the rate of abscission.
Movement of Labeled Abscisic Acid in Explants. Explants were treated with 0.1 pg per petiole 2-'4C-abscisic acid with a specific radioactivity of 156 ,c/mmole. At various time intervals (15, 30, 60, 240, 1440 min) the explants were dissected as indicated in Figure 3 and the distribution of radioactivity (cpm) was determined (Table I ). The total amount of activity passing into the other areas of the explant (node, stem, base, agar) from the 5-mm petiole was plotted against time (Fig. 4) . (Fig. 5) .
DISCUSSION
The rate of movement of ABA in the cotton explant was shown to be 20 to 30 mm/hr. This rate is in close agreement with the rate of 24 to 36 mm/hr found in Coleus stem sections (4) . The rate of ABA, however, is three to four times more rapid than rates of 6 to 7 mm/hr reported for IAA in Phaseolus, Lens, and Coleus tissues (6, 9, 10) . Robinson et al. (12) have reported that the radioactivity from 14C-IAA traversed a 3-mm petiole of the cotton explant in 5 min, but this rate involved only a very few counts and was not maintained at the 15-min reading. In our studies the donor-receiver agar block technique (6) was attempted without success. The failure was probably due to a lack of reproducibility of movement across the cut surfaces. The close agreement between the results of the experiment which measured movement of abscission stimulus (Fig. 2) and the experiment which measured ABA movement (Fig. 4) suggests that the movement of ABA is an important factor in its ability to promote abscission. This tissue. Milborrow (8) has shown that mung beans and sycamore metabolize ABA into three products, but these products don't appear to chromatograph the same as those reported here.
Studies of the influencing factors, the specificity of the move- Although this experiment was not designed to study polarity of movement, the data in Table I indicate that initially (after 15 min of exposure) similar amounts of ABA moved both acropetally and basipetally. However, if the explants were exposed longer than 30 min, there was a greater amount of ABA moved
